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Fig．7　AMG　waveforms　in　case　of　different　pu　lse　duration　and　amplitude．
4．　CHRONAXIE　AND　MUSCLE　FATIGUE
4．1　Strength－Duration　curve
　　　　The・・strength－duration　curve　is　a　plot　of　the　lowest
（threshold）　current　（i）　required　for　stimulation　vs．　pulse
dura’狽奄盾氏@（di；　it　forms　the　basis　for　describing　the
excitability　Qf　a　given　tissue．　lt　is　extremely　useful・in　all
’manner　of　studies　in　which　excitable　tissues　are
stiinulated　because　it　describes　the　manner　in　which　the
．current　required　is　changed　when　the　pulse　duration　is
iehapggdT．．　Moreover，　it　can　be　used　to　determine　the
．dharge．　and　energy－duration　relatiQnships　（7）．　Fig．．　8
唐?〟DY．y．．s．　．・t．he　strength－duration　（S－D）　curve　which　is
?凾吹Derbolic’一like，　with　the　current・　required　increasing
・With・deciceasing　pulse　duration；　the　expression　（Weiss－
LaPi6que　law）　for　the　S－D　curve　is
a2
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Fig．8　Strength－duration　curve．
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　　　　　　i＝a十b／d　（1）　　　　　　T．＝bfa　・　．　（2）・where　b　is　a　constant　that　depend　on　the　type’　of　excitable　tissue．　The　long－duration　asymptote　a　and　a
special　duratlon　T．　（the　chronaxie），　where　the　current　for　excitation　is　twice　the　rheobasic　value．　Thg
chronaxie　is　the　factor　that　describes　where　the　strength－duration　qurve　rises　with　decreasing　stimulus
duration，　ln　practice，　it　is　usually　difficult．to　determine　the　chronaxie　because　it一　is　not　easy　to　determine　t・he
long－duration　current　asymptote，　because　with　very　long－duration　crirrent　pulses　the　excitability　of　tissue　is
not　stable，　ln　general　the　value　ofchronaxie　in　skeletal　muscle　is　O．1　to　O．3　（ms）．　ln　this　study，　the’r－D　curve
is　used　for　an　evaluation　of　muscle　fatigue　（8）．
4．2　S－Dcurve　and　fatigue
　　　　In　order　to　evaluate　muscle　fatigue，　the　S－D　curve　was　measured　at　left　forearm　during　the　sustained
isometric　contraction　as　mentioned　above，　evety　10　min’for　．50　min．　The　subject　held　a　weight　of　lkg　within
30　min　and　afterwards　the　weight　was　removed　ftom　the　palm．　The　forearm　was　kept　in　the　same　posture　at
rest．　The　current　amplitude　for　electrostimulation　increases　gradually　at　the　pulse　duration　of　O．02，　O，1，　and
1　ms．　The　muscle　vibration　starting　that’indicates　the　current　threshold　is　detected　by　using　the
accelerometer　of　the　above　electrode．
　　Fig．9　shows　the　．　changes　of　S－D　curve　during　muscle
fatigue，　which　is　drawn　by　fitting　a　least　squares
regression　cur’ve　of　Eqn．（1）　to　the　strength－duration　data，
The　vertical　axis　is　notmalized　with　the　rheobase　of　the
S－D　cprve　at　O　min　Oust　after）．　．When　the　muscle　became
fatigued　gradually，　the　current　threshold　increases　urider
the　same　pulse　duration　（after　10，　20，　30’min），　and　it
returns　slowly　to　the　initial　a皿plitude　after　r6movi血g　the
weight　（after　40，　50　min）．
4．3　Discussion
　　　　Fig．　10　shows　the　changes　Qf　a，　b，　T．　in　the　S－D　curve．
Though　the　rheobase　a　and　b　increases　gradually　during
muscle　fatigue　in　sustained　contraction，　there　is　not　very
much　change　in　the　chronaxie　T，，　As　the　chronaxie
describes　the　excitability　of　muscle，　it　may　be　considered
that　the　muscle　of　forearm　did　not　become　fatigued　in　this
sustained　contraction　for　30min．　ln　tbis’　experiment，　the
subject　felt　fatigued　a　little　during　static　exercise．
Generally　in　clinical　rehabilitation，　the　S－D　curve　is
examined　under　reducing　the　muscle　fatigue．　We　should
recognize　properly　that　the　S－D　curve　depends　on　the
muscle　fatigue　and　the　chronaxie　hardly　changes　under
皿oderate　exercise．
　　During　sustained　isometric　contractions，　the
development　of　fatigue　iBfluences　’the　motor　unit
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Fig．10　a，b，　r．　changes　during　muscle　fatigue．
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activation　pat・tern　by　changing　the　firing　rate　or　the　degree　of　recruitment　and　synchronization　of　the　motor
unit・．　A　reliable　description　of　these　phenoitiena　can　be　obtained　only　by　means　of　needle　EMG　and／or　by
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・・phi・ti・at・d　dec・mp・・iti・n．techniqu…whi・h　i・・1・t・and　t・agk　th・皿・t・・unit　a・ti・卯・t・nti・l　th・・ugh・ut
the　effort　（9）．
5．　CONCLUSIONS
　　　In　this　study，　the　new　electrode　with　accelerometer　is　developed　for　eJectrost－imulation　and　det・ecting　the
acousticmyogram．　The　recorded　AMG　depends　on　pulse　amplitude　and　duration　of　sti皿ulation　current．　The
S－D　cu’rve　is　also　measured　at　left・　forearm　during　sustained　isometrie　contraction．　The　rheobase　depends　on
muscle　fatigue　but　the　chronaxie　hardly　changes　in　this　exercise　for　30min，
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